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Abstract
Neutrino oscillation signals at muon storage rings can be faked by supersymmetric
(SUSY) interactions in an R-parity violating scenario. We investigate the  -appearance
signals for both long-baseline and near-site experiments, and conclude that the latter is of
great use in distinguishing between oscillation and SUSY eects. On the other hand, SUSY
can cause a manifold increase in the event rate for wrong-sign muons at a long-baseline
setting, thereby providing us with signatures of new physics.
The increasingly strong empirical indications of neutrino oscillations from the solar and
atmospheric neutrino decits [1] have emphasized the need for their independent conrmation
in accelerator and reactor experiments. One of the actively discussed possibilities in this
connection is a muon storage ring [2, 3] which can act as an intense source of collimated
neutrinos impinging upon a xed target. A − (+) beam can thus produce both µ (µ) and
e (e), thereby providing an opportunity to test both e-µ and µ-τ oscillations which are
the favoured solutions for the two types of anomalies mentioned above.
In the simplest extensions of the standard model, non-degenerate masses for the dierent
neutrino species (and consequent mixing among them) can account for the oscillation phenom-
ena. Considering, for example, the atmospheric µ decit, the SuperKamiokande (SK) results
[1] strongly suggest µ-τ oscillation with m2 ’ 10−3 − 10−2 eV 2 and sin2 2 ’ 1. Such
oscillation was earlier indicated by the Irving-Michigan-Brookhaven and Kamiokande collab-
orations, and has been also supported more recently by the SOUDAN-II [4] and MACRO [5]
experiments. At a muon storage ring, one therefore expects a certain fraction of the µ’s to
oscillate into τ , depending on the energy and the baseline length. Interaction of these τ ’s






case, be interpreted as additional proof of oscillation [6]. Similarly, the detection of ‘wrong sign
muons’ may be a vindication of the e-µ oscillation hypothesis, thereby providing one with a
probe of the parameter spaces corresponding to the vacuum and matter-enhanced oscillation
solutions to the solar neutrino puzzle.
However, the predicted rates of  -appearance or wrong-sign muons in a given experimental
setting can be signicantly aected by non-standard interactions. For example, it is possible for
unoscillated µ’s to scatter into  ’s in an R-parity violating supersymmetric (SUSY) framework
(with R = (−1)(3B+L+2S)), by virtue of lepton-number violating trilinear couplings [7]. Also,
such couplings can produce µ’s from −-decay and thus give rise to +’s in the detector even
in the absence of oscillation [8]. It is important to know the eects of such interactions for two
reasons: (i) to look for enhancement in  and wrong-sign muon event rates and thus to uncover
SUSY eects, and (ii) to see to what extent the signals supposedly coming from oscillation
are faked by such new physics. In this letter, we show that one can answer both questions by
combining long-baseline experiments with those in which one places the neutrino detectors at
a short distance from the storage ring, where the oscillation probability gets suppressed by the
baseline length.
While a long-baseline experiment is of advantage from the viewpoint of oscillation, a
detector placed at a near site has also been considered in recent studies [9, 3]. Its merit lies in
having a large event rate even when its dimensions are small. In reference [3], for example, 
detection has been investigated in the context of a detector consisting of an array of tungsten
sheets with silicon tracking. Such a detector will be helpful in isolating new  -producing
interactions in cases where the latter can act as contaminants of the oscillation signature.
Let us rst consider  -appearance through oscillation. For a muon-neutrino with energy
Eν (in GeV ) traversing a distance L (in km), the probability of oscillation into a tau-neutrino
is given by







where m2 is the mass-squared dierence between the corresponding physical states in eV 2,
and , the mixing angle between flavours. For a baseline length of, say, 700 km, and a
muon beam of energy 50 GeV , this probability corresponding to the solution space for the
atmospheric SK data lies in the range 10−3−10−2, and is smaller for shorter baselines. In order
to obtain the  -event rate one has to fold the charged current cross-section with this probability
as well as the µ energy distribution, and nally use the eective luminosity appropriate for
the cone subtended by the detector, which depends on the baseline length as well as the area
and mass of the latter.
The presence of scalars carrying lepton (L) or baryon (B) number in a SUSY scenario
makes it possible to have one of the above quantum numbers broken while the other is con-
served. One can thus avoid undesirable consequences like fast proton decay, and can still be
consistent with all other symmetries when R-parity is violated. In such a scenario with broken
lepton number, the corresponding part of the superpotential is given (suppressing colour and
SU(2) indices) by [10]






















Figure 1: Feynman diagrams for processes producing (a) a  or (b) a wrong sign muon in
R-parity violating SUSY.
superelds, and E^, U^ and D^ denote the right-handed charged lepton, up-type quark and down-
type quark superelds respectively. In terms of the component elds, the trilinear terms above
lead to interactions of the form
L = 0ijk [ ~djL dkRiL + ( ~dkR)(iL)cdjL + ~iL dkRdjL

















L − (i$ j)] + h:c (3)
The implications of such interactions have been investigated earlier in the contexts of solar
[11] and ultra-high energy neutrinos [12]. At a neutrino factory, they can aect the  or wrong
sign  event rates in more than one ways, as classied below:
1. 0-type interactions give rise to a  starting from a µ which is produced via standard
muon decay.
2. -type interactions produce a µ from muon decay, which subsequently has standard
charged-current interaction with the target, leading to a wrong-sign muon.
3. A τ can be produced as a result of -type interactions in muon decay, which produces
a  through standard interaction.
4. The e from − decay may scatter into a + via 0-type interactions with the target.
Here we present results for cases 1 and 2 above. The Feynman diagrams for these two cases
are shown in gure 1, where we have chosen those 0-and -interactions which make ~b and ~
the mediators in the corresponding diagrams. Predictions for cases 3 and 4 are qualitatively
similar to those for 1 and 2 respectively.
The standard model charged current cross-section for τN −! −X can be found, for
example, in references [3, 6]. In R-parity violating SUSY, a µ can give rise to the same nal
state through the couplings 0213 and 0313 when the tree-level process is mediated by a b-squark.
From considerations of phase-space availability as well as parton densities in a nucleon, the
most favourable  -producing processes at the quark level are µd −! −u and µu −! − d.
On performing Fierz transformations on the SUSY amplitudes for these processes arising from
the relevant interaction terms, one obtains
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where mb˜ is the b-squark mass. It should be noted that left-right mixing in the squark sector
has been neglected here.
This tells us that the R-parity violating contributions can be included, for s << m2
b˜
, on
making the replacement g2=m2W ! (g2=m2W + (02130313)=m2b˜) in the standard expression for
the charged current cross-section.
There are phenomenological bounds on the L-violating couplings [13]; however, most of
these bounds are derived on the assumption that only a single coupling at a time is non-zero
(we call them teh ‘stand-alone’ bounds). Thus, although there are individual limits on 0213 and
0313, obtained from the universality of charged-current decays of − and  [10], such limits are
not necessarily applicable in the most general case. At any rate, no conclusive limit has been
obtained for the product (0213 0313). Hence this product can be treated as a free parameter
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Figure 2: The  -event rate as a function of the baseline length for Eµ = 50 GeV . The solid
line corresponds to the contribution from µ − τ oscillation, using SK parameters (see text).
The two dashed lines refer to cases where the SUSY contributions are included, taking different
values of c0 ( 02130313).
In gure 2 we show the event rates for tau production for long-baseline experiments,
as functions of the baseline length, for a 50 GeV muon beam. The results presented here
correspond to a sample detector of mass 10 kT , with a circular cross-section of 100 m2. Such
a specication is similar to that of the ICANOE experiment [14]. A muon source producing
1020 muons per year has been assumed. The expected event rates for both standard charged
curren and SUSY contributions added to them are displayed. We have used CTEQ4LQ [15]
parton distributions to calculate the event rates. The standard model contribution to the
 -production rates has been calculated assuming an oscillation probability corresponding to
m223 ’ 5:010−3 eV 2 = and sin2 23 = 1, which is approximately the central region of the
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solution space for the atmospheric µ decit. An average  -detection eciency of 30% [3, 14]
has been assumed. Dierent values of the products of the R-violating couplings have been
used, with a bottom-squark mass of 300 GeV , which is consistent with current experimental
limits. As can be seen from the gure, for baselines of length  200 km, R-parity violating
eects make a serious dierence only when the couplings are close to their perturbative limits,
while for shorter baselines (’ 100 km), they can be competetive even with values on the order
of the stand-alone bounds.
However, new physics eects are quite clearly separated when one comes to a near-site
detector setting. Here the standard model contribution is suppressed due to the paucity of  ’s
produced in oscillation. In gure 3 we show some plots of  -event rates with a 1 kT , 2500 m2
detector placed at a distance of 40 m from the storage ring [3]. 0-type couplings are found to
enhance the number of  -events (calculated again with an assumed average detection eciency
of 30%) to a level considerably higher than what the standard model predicts. This is found
to be the case even when the relevant coupling strengths are much smaller than the limits
given in reference [16]. Combining gures 2 and 3, the conclusion, therefore, is that even when
the couplings are well within the bounds for the stand-alone situation, near-site eects arising
from them lead to overwhelmingly large  -production, while for long-baseline experiments,
contamination of the oscillation signals through R-violating interactions is appreciable when
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Figure 3: The  -event rate as function of the muon beam energy for a near-site detector. The
solid line shows the oscillation contribution, while the SUSY contributions are included to the
dashed lines, using different values of c0 ( 02130313).
Similarly, a τ can also be produced in the decay of the − via diagrams of the kind shown
in gure 1. It can consequently produce a  at the detector even without oscillation. In such
a case, the event rates are suppressed by the branching ratio of the R-parity violating decay,
to an extent depending on the product of the corresponding -couplings. The predictions are
similar to the ones discussed above.
Next, we consider wrong-sign muons produced due to R-parity violating eects in muon
decays. The Mikhyev-Smirnov-Wolfenstein (MSW) solution to the solar neutrino problem with
matter-enhanced e-µ oscillation requires a mass-splitting of ’ 10−5 eV 2 between the mass




















Figure 4: The event rate for wrong-sign muons as a function of muon energy, for a baseline
length of 250 km and a 10 kT detector of area 100 mt2. Different values of c ( 231132) has
been used, with mτ˜ = 100 GeV
and with standard charged current interactions, one can hardly expect to see any events given
this kind of mass-splitting, for any realistic baseline length. The situation is even worse for
the vacuum oscillation solution which requires m2 ’ 10−10 eV 2. Thus a sizable event rate
for wrong-sign muons at a long-baseline experiment should be interpreted as a signal of some
new eect.
Equation (3) tells us that the µ produced in -decays cannot give rise to a + through R-
parity-violating interactions unless there is substantial left-right mixing in the (D-type) squark
sector. On the other hand, diagrams of the kind shown in gure 1(b) can lead to decays like
− −! µeµ. This decay is governed, for example, by the product 232231 when the process
is mediated by a stau. In gure 4 we show the event rates for a typical ICANOE-type detector
as functions of the muon beam energy, using dierent values of the above product, including
those considerably smaller than the most stringent phenomenological limits. Again, a clear
prediction of ten to several hundred events can be observed for Eµ ’ 50 GeV , as against none
expected through oscillation, so long as one remains within the solution space for the solar e
decit.
In conclusion, we have investigated the eects of the R-parity violating trilinear couplings
on the suggested signals of neutrino oscillations at a muon storage ring. It is found that, while
the new couplings have to be on the higher side to show a detectable enhancement in the
 -appearance rate with long baselines, even tiny R-violating couplings can lead to very large
number of  ’s at a near-site detector, much in excess of what is expected via oscillation. Near-
site experiments can thus be recommended for isolating new physics eects that fake signals of
neutrino oscillation. On the other hand, a class of R-violating interactions, with strengths well
below their current experimental limits, can be responsible for an enhanced rate of wrong sign
muons at a long-baseline experiment. Since the solution space for the solar neutrino puzzle
does not permit such event rates, such muons, if observed at a neutrino factory, can therefore
be greeted as harbingers of some new physics, of which R-parity violating SUSY is a rather
favoured example.
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